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ABSTRACT 
The present investigation was undertaken to determine, 
histologically, the collagen activity of the transseptal and circular 
fibers during anteroposterior tooth movement in dogs. 
The results of thisstudy revealed that the gingival fibers 
are not only active during tooth movmerit, but also during "normal" 
function of the teeth. Histologically, the experimentals could not 
be differentiated from the controls. The most active area of pre-
collagen activity was noted supracrestally and where the transseptal 
fibers embed into the cementum. The circular fibers were the least 
active in precollagen production. A constant finding was a fairly 
active precollagen zone surrounding the blood vessels . 
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rNTRODU.CTION 
The~e are two major periods of orthodontic treatment, an 
active tooth movement phase and a retentive phase. Active treatment 
is concerned with many variables including the various biomechanical 
principles involved in tooth movement. An important consideration 
is the adaptive mechanism(s) of the periodontal structures which 
surround the tooth. The retentive phase is concerned with maintaining 
the teeth in their new positions. For this to occur, one can assume 
that the investing tissues must adapt to the new position of the teeth. 
Some of these tissues, such as the alveolar housing and periodontal 
ligament appear to adapt within a short period of time. Others, 
such as the gingival tissues, are apparently more resistant. The 
gingival fibers (transseptal and circular) are presumably involved in 
both the active and retentive phase of treatment. The gingival 
fibers also appear to be involved during anteroposterior as well as 
rotational relapses and the opening of extraction spaces. 
The basic component of the supra-alveolar fibers is collagen. 
fh.ysically·, collagen is insoluable and inelastic. The collagen 
turnover of the POL is extremely rapid while the collagen of the 
gingiva is thought to be relatively static (7) ~ Histologically, the 
transseptal fibers appear wav~ in a buccolingual section. In the 
last 20 years, researchers have pondered over the role of the trans-
septal fibers during tooth movement. They have shown histologically 
' 
that on the pressure side, bunching of these fibers has occurred, 
while on the tension side, the fibers appeared stretched. The 
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gingival fibers are presumed to be resistant to change with no 
apparent physiologic adaptive mechanism (12,30). 
The above statements regarding the gingival fibers pose many 
unanswered questions. First, if a tooth is moved five mm. to close an 
extraction space, how can these gingival fibers be expected to 
stretch this distance, since collagen is non-elastic? Second, 
if no adaptive mechanism exists, how do crowded lower incisors 
self-align after serial extraction? Third, if these fibers are 
solely responsible for rotational relapse, why doesn't perma.nent 
retention occur upon severing of these fibers surgically, in all 
cases? 
In order to understand the answers to some of the above 
questions, a study of the collagen activity of the transseptal 
and circular fibers during anteroposterior movement of dogs' 
teeth was undertaken • 
• 
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REVIEW OF THE LITERATURE 
The supra-alveolar fibers have been implicated in active tooth 
movement as well as in retention. Recently much attention has been 
focused on the role of the transseptal fibers in anteroposterior 
movement and the effect of both the transseptal as .. . ,ell as the 
circular fibers upon relapse. The exact function of this connective 
tissue structure still remains an enigma, and for this reason, much 
can be gained by an extensive study of this tissue. 
The supra-alveolar connective tissue consists of cells, fibers, 
and blood vessels embedded in an amorphous ground substance (16). 
The predominant cell is the fibroblast which produces the basic 
unit of connective tissue--collagen. Collagen makes up the bulk . 
of this tissue with some reticulum and elastin present. Reticulum 
is mostly found around the blood vessels and in the basement membrane. 
Fullmer has described the presence of oxytalan in the gingiva, but its 
exact function and biochemical make-up is not known. (14) 
The supra-alveolar fibers have been divided into three fiber 
bundles. These bundles derive their name by the arrangement and 
direction of the fibers. The circular fibers course through the 
connective tissue of the marginal and interdental gingiva, and encircle 
the tooth in a ring-like fashion. (2,15) The gingivodental group are 
the fibers of the facial, lingual, and interproximal surface. They 
are embedded in the cementum just beneath the epithelium at the base 
of the gingival sulcus. on the facial and lingual surfaces, they 
project from the cementum in a fan-like conformation toward the 
• 
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crest and outer surface of the marginal gingiva. They also extend 
external to the periosteum of the labial and lingual alveolar bone and 
terminate in the attached gingiva or blend with the periosteum of 
bone. Interproximally, the gingivodental fibers extend toward the 
crest and central portion of the interdental gingiva. (15) The 
transseptal group are located interproximally and f~llow in a horizontal 
direction extending between the cementum of approximating teeth 
into which they are embedded. They lie in the area between the 
epithelium at the base of the gingival sulcus and the crest of the 
interdental bone. 
Since collagen is the basic unit of all connective tissue, its 
biological nature should be reviewed. Collagen is produced by 
fibroblasts and it is the main structural protein in the body. 
Physically, it is insoluable and in-elastic. The normal degradation 
mechanism consists of collagenase and acid cathepsins activity. The 
turnover rate of collagen varies greatly with respect to its location. 
Carneiro and Fava de Moraes have shown that the collagen of the perio-
dontal ligament has an extremely rapid turnover rate, while gingival 
collagen is relatively stable with an extremely slow turnover rate. (7) 
Claycomb and Summers, also using radioactive precursors, were able to 
substantiate the work of Schultz-Hauat who showed that the PDL 
was under continuous repair; however, no experimental evidence 
was presented involving the gingiva (9). 
The gingival fibers have been implicated in rotational relapse 
since the late 18SO's. At that time, it was believed that if a tooth 
was forcibly rotated, relapses would greatly be reduced (10). This 
• 
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same procedure of rotating a tooth with forceps is used today by 
Hallett (18). He feels that this technique is quick, relapse is 
reduced, and there is little discomfort to the patient. The main 
drawback, however, is pulpal degeneration. 
Skogsborg, in 1927, developed a surgical technique of cutting the 
' 
septum between teeth. This septotomy was performe~; not with the 
idea of neutralizing the forces within the soft tissues, but eliminating 
the tensions which remained in the bone after a tooth was rotated. (27). 
His results showed less relapse but his logic was incorrect. He 
presumed that bone was not a plastic tissue and it would transmit 
forces to re-rotate a tooth. This reasoning is wrong as can be seen 
from the work of G. V. Black. 
G. V. Black, in 1930, presented some insight into the role of the 
gingival fibers. He felt that these fibers were important in maintaining 
the teeth in the line of the arch (3). 
"The influence of the bone forming the alveolar process has 
been much over-rated in its importance in maintaining the 
teeth in their positions. Hard and rigid as the bones of 
the skeleton seem in the dried state, bone is a very plastic 
~issue during life, and is subject to more or less constant 
resorptive and rebuilding processes. It will not stand 
against a connective tissue constancy of stress. The con-
nective tissue group, other than active muscles, has a great 
function in directing the building of the body, holding organs 
in their places in health, and bringing them back to place 
when the correction of conditions will.allow them freedom of 
action. There is no place in the human body where there are 
as fine examples of this plat at control of form by the non-
muscul~r connective tissue as in the gingiva, or so much harm 
from its_ ihfluence when the conditions have given them a 
wrong direction." (3) 
Reitan, further has suggested that it is the free gingival fibers 
which may be responsible for relapse (24). He rotated teeth in dogs 
and showed that the supracrestal fibers were stretched even after 232 
• 
days of retention. He felt that these stretched fibers . could have 
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the potential to re-rotate these teeth (24). 
Wiser reported on rotational stability after the supra-crestal 
fibers were cut (32). His results showed four times as much 
relapse in the controls as compared to the surgically treated teeth. 
Wiser further noted that on the surgical side, there existed localized 
degenerative changes in the PDL which might represent an early ankylosis. 
He concluded that this early ankylosis might aid in retention (32). 
Kirkpatrick rotated the incisors on young dogs and then trans-
sected the free gingival fibers (19). After transsection, the teeth 
were retained for two weeks. His results exhibited 11.5 times greater 
. 
relapse on the nonsurgically treated teeth as compared to the surgically 
treated teeth. Pringle reported on a study in which the transseptal 
fibers were severed after certain teeth were rotated. His results 
differed from Kirkpatrick's, as Pringle found very little difference 
between the experimentals and controls. 
Brain studied rotational relapses in teeth where the gingival· 
fibers were cut. Prior to the surgical procedure, the teeth were 
retained for 150 days. Brain noted that the greatest amount of 
relapse occurred in the controls, 18 hours after retention was 
removed (5). He further stated that 6 days post-retention, no further 
relapse occurred. Brain concluded that prolonged retention is 
necessary for re-organization of the bone and fibrous tissue. Boese 
also concluded that prolonged retention increases stability of rotated 
teeth (4). 
Edwards, experimenting with rotations, tattooed the gingiva and 
studied macroscopically how the marginal gingiva reacted to 
• 
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rotational tooth movement. He noted that as a tooth was rotated, 
the marginal gingiva followed the tooth (10,11). He further showed 
that if he surgically transsected the gingival fibers, rotational 
relapses were greatly reduced (11). 
From the above work, it would appear that the gingival fibers 
play a definite role in rotational relapse. In order to further 
understand how these fibers control teeth in retention, it becomes 
necessary to study how the transseptal fibers react during 
anteroposterior tooth movement. 
Oppenheim, in 1912, stated that, "The powerful fibers stretching 
across the septa, giving off strong bundles to these and partly to 
the gums, prove to be the most resistant tissues with which we are 
dealing in our operations." (21). Up to 1945, this statement 
remained unchallenged. Erickson, Kaplan, and Aisenberg presented 
a study on the transseptal fibers during orthodontic movement (12). 
They extracted teeth in periodontally-involved individuals and 
studied what happened to the transseptal fibers prior to, during, and 
after space closure. After the teeth were extracted, the transseptal 
fibers on both sides of the extraction space fused with the connective 
tissue over the extraction wound to form a new, but elongated 
group of transseptal fibers. When the teeth were approximated, the 
transseptals appeared compressed and coiled on the pressure side, 
while the tension side exhibited stretching of the fibers. After one 
year of mechanical retention, the compressed fibers were still present. 
Erickson concluded the following: (1) Transseptal fibers are remarkably 
persistent, even when almost all bony support is lost . 
• 
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(2) Transseptals are continuously being renewed after a tooth is 
extracted. (3) There exists no physiolo~ic process which s~ortens 
or removes the excessive tissue which is present when two teeth are 
approximated. (4) Transseptal fibers can stretch. (12) 
The regenerative power of the transseptals after extraction was 
substantiated by Chase and Revesz (8)'. They extracted a tooth from a 
monkey and then proceeded to close the extraction space. They showed 
that fibers, strongly resembling transseptals, were regenerated 
before the extraction space was closed and these fibers organized 
themselves in an orderly arrangement in spite of orthodontic 
forces. 
Aisenberg showed that post-extraction, new and elongated 
transseptal fibers were built (1). Upon space closure, these fibers 
became coiled and compressed. After space closure was com~leted 
and retention was removed, spaces began to open. Aisenberg concluded 
that the subepithelial tissues do not conform to tooth movement as 
does bone, and maybe these fibers play a role in anteroposterior 
relapse. 
Thompson, in 1959, also experimented with anteroposterior 
relapse (30). After the extraction spaces were closed, gingivectomies 
were performed in order to sever the gingival fibers. His results 
showed a 10% relapse rate in the surgically treated teeth with a 44% 
relapse rate in the controls. Individual variability was apparent 
as some controls exhibited as little as 20% relapse while others 
had 80%. (30) 
• Ewen and Pasternak closed diastemas which existed between central 
• 
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incisors. They then proceeded to cut the gingival fibers. Their 
results showed that the rate of relapse was decreased significantly 
after the gingival fibers were surgically treated (13). 
From the above discussion, it is fairly apparent that the 
gingival fibers are active in both rotational as well as anteroposterior 
tooth movement and retention. It has been postulated by Thompson 
that these fibers are inert and resistant to change (30). It now 
behooves us . to examine the biological characteristics of the supra-
crestal connective tissues. 
Histologically, the transseptal fibers exhibit a wavy pattern. 
"Straightening" of these fibers might allow for some movement in an 
anteroposterior direction. Gottlieb has shown that these fibers 
are seldom torn or broken under tension, but he never states how much 
movement is involved with a given amount of tension (17). Urban 
and Skillen have shown that movement greater than .75 to 1.5 mm. 
produces not only tearing of the periodontal ligament fibers, 
but also of the transseptals (31). 
The collagen of the POL reacts differently than the collagen 
of the supracrestal connective tissues. Reitan and Skillen have 
demonstrated that orthodontically rotated teeth, which were retained 
for 28 days, showed complete fiber rearrangement in the POL while no 
reorganization was apparent supracrestally (26). Edwards also 
demonstrated that after a tooth was rotated and retained for 5 
months, complete fiber rearrangement occurred in the POL as well as 
in the fibers directly over the bone (11). The remaining gingival 
fibers were totally disorganized. Carneiro and Fava de Moraes 
ha~e shown that the collagen turnover ate of the POL is extremely 
• 
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rapid while gingival collagen is fairly stable (7). 
Thompson has postulated a theory on how the transseptal fibers 
are involved in anteroposterior movement. He feels that during 
mesiodistal movement, energy is being stored up in the transseptal 
fibers. These fibers then react like coil springs after the force is 
released. The fibers tend to go back to their original shape and 
spaces begin to open if retention is not used (27). 
Edwards discussed the possibility of slippage of the collagen 
fibers which might occur during rotational movements. He theorized 
that groups of fibers might divorce themselves from a parent fiber 
bundle and combine with another neighboring fiber bundle. It 
can then be argued that orthodontic forces stimulate fiber group 
dissociation in o~der to accommodate the altered position of the 
tooth (10). The theory of slippage was postulated by Orban, Wintz, 
and Everett ·(22) . 
• 
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MATERIALS AND METHODS 
Two healthy, adult, mongrel dogs, weighing approximately 17 
kilograms were used as experimental animals. 
For each experiment, the dogs were sedated intravenously 
with 0.5 cc. of pentobarbital sodium (Diabutal) p~i kilogram of 
body weight. The animals were kept in individual cages and fed a 
soft diet to prevent damage to the appliances. 
TMS pins were placed in maxillary second lateral incisors, 
canines, and first or second premolars. The pins were placed 
mesiogingivally and distogingivally in order to prevent it from 
interfering with the appliance. The interproximal space between the 
experimental tooth (lateral incisors and· first and second premolars) 
and anchor tooth (canine) was measured in millimeters. Closed coil 
(010 x 030) was attached to the TMS pins via ligature wire and then 
activated by approximately doubling the initial length. (Figure 1,2) 
The experiment was run for four weeks. At weekly intervals, 
control gingival sections containing transseptal and circular fibers 
were removed along with the interproximal gingiva of the tension 
~nd pressure side of the experimental tooth. Prior to removal of 
the gingival section, the distance between the anchor and experimental 
tooth was recorded-. On the fourth week, a block section was removed. 
_Surgical Technique 
Xylocaine anesthesia was infiltrated in the attached gingiva to 
prevent excessive bleeding during the surgical procedure . 
• 
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A No. 15 Bard-Parker blade was used to make a vertical incision 
interproximally along the root to the alveolar crest. A horizontal 
incision was then made buccally and palatally over the crestal bone. 
A No. 5 periosteal elevator was then used to bluntly dissect the 
gingival tissue. (Figure 3,4,5). This procedure was performed on 
the tension and pressure side as well as on the controls. 
Staining Technique 
Immediately after surgery, the specimens were fixed in formalin 
acetic alcohol (10:5:85). Specimens were then embedded, sectioned, 
and stained with a polychrome stain to differentiate mature collagen 
from precollagen (20). 
Using this stain, mature collagen appear red (acid fuchin) 
and precollagen appear blue (methylene blue). The sections were also 
stained with Hematoxylin and Eosin in order to determine if in-
flammation was present • 
• 
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RESULTS 
Histologically, the control slides could not be differentiated 
from the experimentals. 
The average amount of anteroposterior movement was 1.25 mm. 
with a maximum of 2.25 nun. and a minimum of 1 mm. 
Controls 
Precollagen activity was noted in each gingival biopsy and 
this activity was apparent in four distinct areas: 
• 
1. Supra-alveolar. 
Precollagen activity was apparent directly over the crestal 
bone (Figures 6,7). As one moves away from the periosteum, a 
band of mature transseptal collagen is usually seen (Figure 8). 
Throughout this mature collagen, there are scattered areas of 
precollangen. 
2. Insertion of the transseptal fibers into the cementum: 
This zone coupled with the supracrestal is the most active 
area of precollagen production (Figure 9). These two areas come 
together and a blue staining zone can usually be seen in the 
histological sections (Figure 10). 
3. Blood vessels. 
A common finding is precollagen activity surrounding the 
blood vessels of the gingiva (Figure 11). This is especially 
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true supracrestally and subepithelially. 
\ 
4. Circular fibers. 
Precollagen production is apparent, but the amount of 
activity appears to be less than the above three areas. 
Each slide was stained with Hematoxylin and Eosin and a 
minimal inflammatory reaction was present. Precollagen activity 
was noted directly under the epithelium. This observation was con-
sistent with the slight inflammatory reaction. 
Pressure 
1. Supra-alveolar 
Precollagen production was noted directly over the periosteum 
(Figure 12). 
2. Insertion of the transseptals into the cementum. 
This zone is fairly active as can be seen in Figure 13. 
In some sections, the mature collagen appeared bunched together; 
however, this was not a constant finding. 
3. Blood vessels 
This observation is apparent especially supracrestally. 
4. Circular fibers 
The circular zone appears to be the least active area 
for precollagen activity. 
Tension 
The same findings that were observed in the control and pressure 
slides were noted on the tension side. (Figures 14, 15 and 16) 
• 
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DISCUSSION 
It is believed by Thompson, Reitan, and others that the trans-
septal and circular fibers are active in anteroposterior tooth 
movement as well as in retention (30,24). In order to under-
stand the problems which exist in mechanically mov~ng a tooth 
and retaining it, one must first study the biological systems 
which surround the tooth, especially the connective tissue. Carneiro 
and Fava de Moraes speak about the rapid turnover of the collagen 
in the POL; however, they state that the connective tissue of the 
gingiva is relatively static (7). Reitan stated that the POL 
reorganized rather quickly after a tooth was rotated while the 
supracrestal fibers remained disorganized (24). Edwards was 
able to demonstrate that the transseptal fibers directly over 
crestal bone reorganized along with the POL during rotations (11). 
The results of this experiment are in disagreement with 
Reitan's and Carneiro's with respect to the supracrestal fibers. 
The supracrestal fibers .were found to be turning over collagen in 
four distinct zones. Precollagen activity was noted in the following 
areas (1) Directly above the supracrestal bone. This observation 
was also noted in Edward's work (10). (2) Around the blood vessels. 
. 
(3) In the circular fiber zqne directly under the epithelium. 
(4) In the transseptal fibers as they embed into the cementum. The 
main body of the transseptal fibers was mostly mature collagen 
with scattered areas of precollagen activity while the POL was 
extremely active in precollagen activity • 
• 
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The results of this experiment indicate that the gingival fibers 
are not inert, but that we are dealing with a dynamic system. 
Precollagen activity was noted in both the controls and experi-
mentals; however, its activity was limited to the above four zones. 
Periodontists discuss the dynamic role of the PDL as a shock 
absorber. The rapid turnover of collagen in the P~L is attriDuted 
to the fact that the teeth are continuously being used in speech, 
mastication, and swallowing. The transseptal fibers are also 
continuously in use in anteroposterior movement, as these fibers go 
from cementum of one tooth tothe cementum of the approximating tooth. 
The circular fibers are also involved in mesiodistal as well as 
buccolingual movements. Thus, the assumption that the gingival 
fibers are inert is invalid since these fibers are active in all 
forms of tooth movement, whether functional or orthodontic. The 
results of this experiment indicate that precollagen activity is 
apparent in both the experimentals and controls. Since all the 
controls exhibited activity, it appears that the gingival fibers 
react to "normal function:. 
The collagen of the PDL reorganizes quicker than gingival collagen 
as was shown by Reitan and Edwards (24,11). This could be explained 
by the fact that we are dealing with the same tissue, collagen, reacting 
in a different environment. In the gingiva, there exists no plastic tissue. 
In this experiment, the gingiva exhibited precollagen activity 
around the many blood vessels located supracrestally and under the 
epithelial attachment. Possibly, the trigger mechanism for new 
collagen production might be related to the blood vessels of the 
• 
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gingiva. 
The adaptic mechanism for functional tooth movement appears 
to occur along the root and over crestal bone. The insertion of 
the transseptal fibers into cemenbum is an extremely active zone. 
On a mesiodistal section of the interproximal gingiva, cut bucco-
lingually, the precollagen activity makes a "U" shape starting 
under the epithelial attachment along the root and over the 
crestal bone. The high concentration of precollagen activity 
over the crestal bone might be related to the underlying periosteum 
which is rich in blood vessels and young connective tissue 
cells. Mature collagen is ~pparent in the transseptal layer as 
one goes occlusally toward the circular zone. Some precollagen 
is located within the mature collagen. 
The experimental section could not be differentiated 
from the controls. Both the tension and pressure sides exhibited 
the same activity that was described for the controls. Probably, 
the reason why the pressure and tension sides looked alike was that 
we were dealing with a limited amount of tooth movement. The 
experimental teeth were moved for four weeks with a maximum 
of 2 mm. of movement. In order to study the tension and pressure 
sides, it will be necessary to run the exper~ent for a much 
longer time and observe at le~st 4-5 mm. of tooth movement. 
In order to explain what is occurring during tooth movement to 
the gingival fibers, it is necessary to review two facts about 
collagen. First, it is insoluable and, second, it is non-elastic. 
Thus, for a tooth to move 5 mm. to close an extraction space, 
• 
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some mechanism must exist to allow the collagen to follow the tooth. 
In this experiment, the most active zones are where the transseptal 
fibers embed into the cementum and directly over crestal bone. 
I 
It is possible that these are the two active areas of new collagen 
production. To further substantiate this assumption, radioactive 
precursors must be used. If one notes activity in the same two 
places, the following conclusions could be made: (1) Radioactive 
proline is being exhanged for a non-radioactive praline. This 
is probably the most remote conclusion as we are trying to explain 
a mechanism of collagen production to allow a tooth to move mesio-
distally as well as buccolingually. (2) Slippage of the collagen 
chain is occurring. This possibly could explain movements in the 
range of less than 1 mm. It is possible that this mechanism might 
allow ·for "functional tooth movements". (3) New collagen is being 
produced. This is the most logical theory as it would help 
explain how a tooth could move 5 mm • 
• 
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Figure 1 
Orthodontic appliances in place. TMS pins are anchored and 
activated in ~pper second lateral incisor, upper canines and upper 
second premolar. 
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Figure 2 
Orthodontic appliances in place. 
Figure 2 
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Figure 3 
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Two vertical interproximal incisions and a horizontal buccal 
incision have been made. 
Figure 4 
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The gingival biopsy is·reflected with a periosteal elevator. 
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Figure 4 
Figure 5 
Post surgical view. 
• 
Figure 6 
Control: Precollagen activity is seen supracrestally and where 
the transseptals embed into the cementum (3.Sx) 
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Figure 5 
Figure 6 
Figure 5 
Figure 6 
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Figure 7 
Control: A thick band of mature collagen is noted in the 
center of the slide. Scattered &reas of precollagen activity can 
be located within this mature collagen (3.Sx). 
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Figure 8 
Control: Supracrestal activity is apparent in this section. 
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Figure 8 
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Figure 9 
Control: Precollagen activity is noted under the epithelium 
and in the circular fibers (!Ox) • 
• 
Figure 10 
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.. Control: This section shows supracrestal activity plus pre-
collagen producuion along the side of the tooth. (3.Sx) 
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' -· 
\ Figure 11 
Control: High power of a blood vessel surrounded by precollagen 
activity (lOOx). 
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Figure 12 
Pr·essure: Precollagen activity is located within the mature 
transseptal fibers. Some supracrestal activity is also present. (3.Sx) 
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Figure 11 
Figure 12 
Figure 13 
•. 
' . 
Pressure: Precoll.agen activity is apparent along the root of 
the tooth. {!Ox) 
Figure 14 
Tension. Subepithelial precollagen _activity is present. (3.Sx) 
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Figure 13 
Figure 14 
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Figure 1.5 
Tension: Supracrestal activity is present (lOx) • 
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Figure 16 
Tension: Precollagen activity is noted along the side of the 
tooth. (lOx) 
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Figure 15 
Figure 16 
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Figure 1.5 
Figure 16 
